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Abstract Novel approaches to natural resource management, particularly those which promote
stakeholder participation, have been put forward as fundamental ingredients for establishing
resilient, polycentric forms of environmental governance. This is nowhere more pertinent than in
the case of the complex adaptive systems associated with urban areas. Decentralisation of urban
green space management has been posited as an element thereof which, according to resilience
thinking, should contribute to the adaptive capacity of cities and the ecosystem services upon which
they rely. Implicit in this move towards increased adaptive capacity is the ability to manage through
innovation. Although the importance of innovation towards system adaptability has been acknowl-
edged, little work has thus far been carried out which demonstrates that innovative use of urban
green space represents a form of adaptive response to environmental conditions. The current paper
reports on research which maps examples of organised social-ecological innovation (OSEI) in an
urban study area and evaluates them as adaptive responses to local environmental conditions which
may contribute to system resilience. The results present OSEI as a coherent body of responses to
local social and environmental deprivation, exhibiting diversity and adaptability according to
individual contexts. The study therefore provides evidence for the importance of local
stakeholder-led innovation as in the building of adaptive capacity in urban social-ecological systems.
Keywords Urban . Social-ecological systems . Adaptive capacity . Resilience . Environmental
governance
Introduction
The role of stakeholder involvement in natural resource management has been widely promoted
in international environmental policy. The Ecosystem Approach calls for the appropriate
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decentralisation of ecosystem management (Principle 2: CBD 2004) and the Millennium
Ecosystem Assessment similarly asserts the need for stakeholder-led processes with regards
to decision-making on local environmental stewardship (MEA 2005). More recently, in the UK
National Ecosystem Assessment (UK NEA 2011), there is an acknowledgement of the role of
individuals and groups as environmental actors. The recommendations of the UK NEA
Synthesis Report (2011)) called for increased promotion of stakeholder participation, collabo-
ration between social-ecological actors, and the provision of environment-based education.
Such an approach is particularly relevant in urban areas, home to the majority of world’s
population (United Nations, 2007), where anthropogenic influences on environmental process-
es are often far-reaching (Kalnay and Cai 2003; Verburg et al. 2010; Lambin and Meyfroidt
2011). The urban environment offers some of the greatest challenges to but, also, some of the
greatest opportunities for resilient ecosystem services, through innovative and adaptive re-
source management and the decentralisation of environmental governance (CBD 2012).
These recommendations are founded on an increasing body of research in the fields of
social-ecological systems and resilience thinking. (e.g. Gunderson 2000; Gunderson and
Holling 2002; Walker et al. 2004; Walker et al. 2006; Carpenter and Brock 2008; Biggs et
al. 2010). The value of community participation in natural resource management towards the
establishment of polycentric governance has been asserted as a major ingredient in the
adaptive capacity of social-ecological systems (Walker et al. 2002; Biggs et al. 2010;
Gunderson and Berkley 2015) enhancing both human and environmental well-being (Hynes
and Howe 2004; Pudup 2008; Dennis and James 2016). Such measures should contribute to
the flexible, adaptive management of ecosystem services across physical and temporal scales
(Biggs et al. 2012). Nowhere is such an adaptive approach to ecosystems management more
pertinent than in today’s most modified landscape, the centre of human knowledge and
decision-making, and now home to most of the world’s Bindividuals^: the urban environment.
Many of today’s post-industrial cities have been subject to both socio-economic disinvestment
(Krasny and Tidball 2015) and ecological decline (MEA 2005; UK NEA 2011). Such trends
consist of slow variables (Gunderson and Holling 2002) which contribute to social and
ecological deprivation in city landscapes, eventually culminating in Bbroken places^ within
the urban environment (Krasny and Tidball 2015). Actors within urban areas, are therefore
presented with significant challenges and opportunities for the creation of new innovative,
collaborative approaches to natural resource management in human-dominated ecosystems.
Studies have shown that interaction with urban nature has benefits for city-dwellers in the
form of physical (de Vries et al. 2003), therapeutic (Fuller et al. 2007), educational (Larsen et
al. 2010) and social (Pudup 2008) gains. Furthermore, the relationship has been shown to be
reciprocal with increasing biodiversity associated with user participation in communally-
managed spaces (Dennis and James 2016).
Community-led management of urban green spaces involves a degree of stakeholder
participation which may contribute to the decentralisation of natural resource governance
and the generation of vital urban ecosystem services (Barthel et al. 2013). The presence of
such examples of community appropriation and collaborative management of local green
space constitutes a form of organised social-ecological innovation (OSEI). Such innovation
may appear in a variety of forms and contexts. Informal management of communal green
spaces by urban residents has been posited as one social-ecological measure that may be a key
element in the building of more resilient cities (Ernstson et al. 2008; Krasny and Tidball 2009;
Colding and Barthel 2013). Assertions in the scientific literature maintain that the devolution
of highly centralised approaches to natural resource management to more decentralised forms
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of governance, with a focus on collaborative networks, ought to be beneficial (e.g. Andersson
et al. 2007; Biggs et al. 2010). The hallmark of such governance should be an emphasis on
building adaptive capacity and response diversity in order to enable urban social-ecological
systems to withstand internal and external fluctuations and ensure the continued production of
vital ecosystem services into the future (Gunderson 2000; Biggs et al. 2012). To this end,
innovation is of vital importance for system resilience through the emergence of adaptive
responses to changing social-ecological conditions (Olsson et al. 2006). The ability to adapt
accordingly is one measure by which elements within systems, such as social-ecological actors
in urban areas, may be assessed as contributing positively to overall system resilience.
Ethnographic investigations of the phenomenon of social-ecological innovation have
gleaned insights into the motives and views of social-ecological actors (Kingsley et al. 2009;
Corrigan 2011; Rosol 2012; Green and Phillips 2013), and social network analyses have been
presented which highlight the importance of social ties (Ernstson et al. 2010) and organisational
hierarchies (Ernstson et al. 2008) in the adaptive co-management of ecosystem services.
Notwithstanding the promotion of polycentric, stakeholder led ecosystem management at
research (Gunderson and Holling 2002; Biggs et al. 2012) and policy (CBD 2004; UK NEA
2011) levels, the majority of the work cited here has adopted a conceptual, theoretical or purely
qualitative stance in its treatment of the subject. Such work therefore lacks a detailed, empir-
ically based quantitative evaluation of the contribution of urban-innovative elements towards
adaptive capacity to environmental stressors. Examples of civic ecological responses to
disturbing environmental events have been presented in the literature (Tidball et al. 2010;
Krasny and Tidball 2012, 2015), but such work has failed to map and evaluate social-ecological
innovation as a coherent phenomenon within social-ecological systems. A clearer understand-
ing of the environmental contexts which accompany such innovation is therefore timely.
Without a spatial evaluation of the occurrence of social-ecological innovation in the urban
landscape it is not possible to confirm such innovation as being contributory towards adaptive
capacity in urban social-ecological systems. Studies have been carried out which describe
stakeholder-led management of natural resources as responsive to local social and ecological
stressors (Rodima-Taylor et al. 2012). However, in order to assert social-ecological intervention by
communities as truly adaptive, it must demonstrate responsivity according to social-ecological
contexts (Olsson and Galaz 2012), occupying social-ecological niches in the urban landscape.
Although previous work has offered examples of a range of social-ecologically innovative
approaches to urban green space use and management (Krasny and Tidball 2012, 2015) there
has not been a concerted effort to characterise discrete types of social-ecological innovation within
cityscapes, nor to test their contribution to adaptive capacity by evaluating their occurrence relative
to local environmental conditions. Doing so would allow for a greater appreciation of
such innovation in terms of its responsive nature, the diversity of responsivity
exhibited at the landscape scale, and the adaptability which it thereby exhibits relative
to unique social-ecological contexts.
The authors explored the range of approaches presented by examples of organised social-
ecological innovation (OSEI), and their environmental contexts, in a north-west UK conurba-
tion in order to evaluate the degree to which the phenomenon demonstrated adaptive capacity
relative to its surroundings. In order to be considered as contributing to adaptive capacity,
OSEI in the study area was assessed on three criteria according to recommendations from the
literature. Namely, the innovation should: a) constitute a coherent, intelligent response to local
conditions (Folke 2006; Gunderson 2010; Barthel et al. 2013), b) exhibit a diversity of
responses to such conditions (Folke et al. 2005; Elmqvist et al. 2003; Walker et al. 2006)
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and, c) demonstrate adaptability to unique social-ecological contexts (Folke et al. 2002;
Brooks and Adger 2004).
Methods
Spatial analyses were carried out on the locations of examples of organised social-ecological
innovation which were identified using a snowball sampling method (after Goodman 1961) in
the adjoining metropolitan areas of Manchester, Trafford and Salford, UK. The Manchester
area, as one of the world’s first centres of industry (Kidd 2006) has a long history of social-
ecological activism associated with urbanisation (AfSL n.d.; Ritvo 2010; Dennis and James
2016) and, as such, provided a suitable study area for a spatial investigation into social-
ecological innovation.
XY point data for each site were then entered into a geographic information system.
Localities in which OSEIs were present were examined relative to non-OSEI locations, and
through pair-wise comparisons with other types of OSEI, across social and land-cover
variables in order to establish the salient environmental contexts of OSEI occurrence. All
spatial analyses were carried out in ArcGIS.9.
Area deprivation characteristics
Data pertaining to UK land-cover were obtained from the UK’s Office for National Statistics’
Generalised Land Use Database ( 2005). The database classifies areas at a range of geograph-
ical units into nine discrete built and green land-cover types. Data at the lower super output
area (LSOA: ONS 2001) level were employed in the characterisation of the study area. Lower
super output areas comprise the smallest geographical unit used by the UK government Office
for National Statistics to report small area statistics and have populations of between 1000 and
3000 persons, and between 400 and 1200 households (ONS 2015). The Generalised Land Use
Database was used to characterise the study area by calculating the percentage cover by built
land-use types (domestic and non-domestic buildings, roads, rail and other hardstanding
surfaces). The resulting variable, as a measure of surface sealing, was used as a proxy for
local ecological deprivation. Surface sealing was chosen as an established measure adopted in
urban environmental planning and research. The concept is widely adopted in green infra-
structure planning tools to reflect ecological deprivation. The Berlin Biotope Area Factor
(Becker and Mohren 1990) and subsequent versions adopted by environmental authorities in
Malmö, Sweden (Kruuse 2011) and Southampton, UK (Southampton City Council 2013) are
founded on the concept of ecological effectiveness. This concept is essentially derived from
the proportion of sealed, semi-sealed and vegetated elements which cover a given site.
Likewise, measures of surface sealing as an indication of environmental deprivation experi-
enced by urban residents have been adopted in research exploring quality of life and well-
being (Lo 1997) and environmental performance in urban areas (Pauleit and Duhme 2000;
Breuste et al. 2013). The UK NEA (2011) highlighted the decline, over recent years, in the
provision of green space in urban areas and the resulting degradation of ecosystem services
vital to human well-being in cities. Mapping the extent of localised surface sealing as a
measure of green space deprivation in the study area therefore provided a variable with which
to assess the occurrence of OSEI as a response to environmental stressors. Information
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concerning the spatial dimensions of buildings was not taken into consideration as the aim of
the study was to explore social-ecological innovation as a response to levels of provision of
green space. In this sense, the shape or height of buildings was not a relevant consideration,
nor were other green indices such as the Normalised Difference Vegetation Index which are
sensitive to density of vegetation and canopy extent (NASA 2015) and, therefore, not
accurately indicative of areas of recreational, public or domestic green space.
In order to explore the relationship between local levels of social deprivation and the occurrence
of types of OSEI, secondary data were taken from the 2010 English Index of Multiple Deprivation
(DCLG 2010). The IMD is built from thirty-eight separate indicators derived from UK census data
across seven distinct domains relating to discrete forms of social deprivation. The seven domains
are: Income Deprivation, Employment Deprivation, Health Deprivation and Disability, Education
Skills and Training Deprivation, Barriers to Housing and Services, Living Environment
Deprivation, and Crime. Data were explored for overall area deprivation as a combined measure
of local socio-economic stressors to which OSEI, as an adaptive response, ought to exhibit
sensitivity. OSEI type localities were subsequently evaluated for variance across the sub-domains
health deprivation and crime and disorder deprivation for each LSOA in the study area. These two
sub-domains were chosen given their salience in previous studies into the benefits of user partici-
pation in urban green space (Kaplan 1995; Jackson 2003; Maas et al. 2006; Maller et al. 2006;
Gidl f-Gunnarsson and hrstr m 2007). Such work has highlighted that proximity to, and interaction
with, nearby nature can be an effective buffer against both poor health (de Vries et al. 2003;Mitchell
and Popham 2007) and crime levels (Kuo et al. 1998; Kuo and Sullivan 2001) in urban areas.
Accordingly, it was hypothesised that OSEI, if capable of adapting to unique social-ecological
conditions, should exhibit unique responses to such conditions.
A rationale was developed to test the occurrence of OSEI as exhibiting adaptive capacity
based on the three criteria obtained from the literature review. To investigate the emergence of
OSEI as a coherent adaptive response (criterion a) the locations of examples of OSEI were
explored for evidence of social and environmental deprivation relative to the remainder of the
study area. This was achieved by carrying out a comparison of mean surface sealing
(independent samples t-test) and mean IMD score (Mann-Whitney U-test), as a reflection of
overall socio-economic deprivation, between areas with and without evidence of OSEI. Given
that social-ecological innovation is the result of urban resident participation, statistical tests
between OSEI locations and the remainder of the study area (Mann-Whitney U-test) were also
carried out to explore whether local population density was a significant factor in the
emergence of the phenomenon.
The diversity of responses inherent in OSEI (criterion b) was explored through the mapping
of examples of OSEI and establishing a typology of OSEIs based on the management style and
horticultural activities taking place at each site.
To investigate the distribution of types of OSEI as demonstrating adaptation to local
environmental conditions (criterion c), univariate analyses of variance were subsequently
performed to assess the influence of area characteristics on the distribution of different types
of OSEI. Discriminant function analysis was subsequently employed to evaluate the charac-
terisation of OSEI types. The same land-cover (Generalised Land Use Database) and socio-
economic (IMD) datasets were employed here as for the investigation of criterion a.
This approach to characterising OSEI types according to physical and socio-economic
environmental factors was based on the assumption that discrete types of OSEI, if
they are to be considered adaptive, would constitute coherent responses to unique
social-ecological conditions.
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Results
The study area is presented in Fig. 1. Internal boundary lines demark LSOAs which are
categorised according to surface sealing extent. A total of 113 examples of OSEI were
identified. The spatial distribution of those OSEIs recorded is shown overlaid.
Environmental contexts of OSEI
Comparing surface sealing extent in OSEI localities (mean = 47 % ±17 %) against the rest of
the study area (mean = 41 % ±16 %) revealed a highly significant mean difference
(t(539) = −3.092; p = 0.002). The data presented OSEIs as being in locations which, on
average, contained a minority of green space versus hard-standing surfaces (with 66 % of
OSEIs occurring in areas with lower than 50 % green space cover), whereas, for the study area
in general, the reverse was true.
Analysis of mean Index of Multiple Deprivation scores for LSOAs containing OSEI
(mean = 39.03 ± 17.06) against those without (mean = 32.56 ± 19.84) demonstrated a highly
significant level of variance (p = 0.004) indicating that on the whole OSEI occurred in areas
that were subject to higher than average levels of deprivation for the study area. Comparing
2010 IMD data with that from 2004 allowed for an analysis of area improvement according to
increase or decrease in IMD score. These data demonstrated that the non-OSEI locations had
improved between 2004 and 2010 (mean IMD change = −3.62 ± 33.19) but that localities of
OSEIs (Group 1) exhibited a far greater mean improvement (mean change = −15.73 ± 28.01;
p = 0.002). This indicated that OSEIs had been occurring in areas that were improving, in
deprivation terms, at a rate over 300 % greater than the study area as a whole. Comparing
mean population density (persons per hectare) by LSOA for areas containing OSEI against
those without, revealed that the localities of OSEIs bore a higher mean figure (mean = 55; ±35)
than the rest of the study area (mean = 52; ±31), but not at a significant level (p = 0.902).
Following the initial mapping exercise, a typology was established with examples of OSEI
in the study area being categorised based on site management and overall social-ecological
remit. The typology defined OSEIs as belonging to one of five categories:
Community gardens
Although the two terms Ballotment gardens^ and Bcommunity gardens^ are often used
synonymously and interpreted liberally, for the purpose of this work Bcommunity garden^
will be used distinctly to refer to areas of public green space which are maintained by members
of the community for a range of activities and social provision, a proportion of which is often
centred around gardening for food but with a range of additional structures facilities which
serve priorities such as leisure and educational activities, social interaction, and provision of
communal open spaces.
Community allotments
These sites were pre-existing or adapted plots on established allotment gardens which had been
designated by the local council as areas for use by the wider community primarily for food
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production and related educational activities. Of all types, community allotments and gardens
were those which exhibited greatest similarity. However, in the majority of cases community
allotments were identified as such either by signage or in other forms of publicity (e.g. internet
presence). In cases where classification was not clear or self-designated, sites were
allocated to the community allotment type where food production was judged to be
the primary design feature.
Fig. 1 Distribution of OSEI and surface sealing extent (of LSOAs) in the study area (ONS 2001, 2005)
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Community orchards
Community orchards within the thesis are defined as areas of land managed by local residents
and volunteers which are dedicated primarily to the cultivation of hard and soft fruits. Features
of site structure and management may overlap with those of the other three categories of
social-ecological innovation as defined herein but the defining characteristic is the overarching
emphasis of the production of fruit whether through traditional or modern techniques.
Pocket parks
Pocket parks were those sites which, usually as a result of their location, exhibited the most
highly improvised approach to urban greening. They are defined as sites which occur in areas
of high surface sealing and as such achieve their impact by maximising the use of available top
soil and using an innovative array of container planting and other improvised naturalistic
features such as green roofs and walls. This OSEI type was easily distinguishable from others
by the surrounding and pre-existing land-use. Sites occurred on pockets of land subject to high
or complete surface sealing and, subsequently, were often much smaller than sites of other
types. Sites falling in the pocket park category, by virtue of their highly urbanised locations did
not exhibit total areas greater than 250 m2.
Environmental resource projects
The remaining sites formed a category of innovation which were not primarily land-based but
which consisted of premises or mobile projects which served as hubs of environmental informa-
tion, training or resources. Often such groups were actively involved in the promotion of social-
ecological innovation and/or urban agriculture and in the forming of social networks between
groups. Some of these sites also exhibited small-scale therapeutic or educational horticultural
activities as a secondary service or as satellite projects. Some projects were, however purely
Boffice-based^ and, in some cases, multiple projects were housed in the same building.
The land-based types (1–4) represent horticultural approaches to OSEI and were primarily
involved in land management and, in a majority of cases, food production. Accordingly, these
types collectively consist of a provisioning approach to OSEI and are able to provide direct and
indirect use benefits. OSEIs which form the final group are principally devoted to providing
resources, information, training and networking opportunities to groups and individuals involved
in OSEI and related environmental activities. As such these constitute a supporting form of OSEI.
As sites were recorded and mapped they were placed into one of the above categories based
on site characteristics. The results of this categorisation are presented in Table 1.
The most common form of organised social-ecological innovation was community gardens
(35.4 %), followed by community allotments and environmental resource projects, each
accounting for around twenty percent of the total.
Contexts of OSEI according to type
The analysis of the social-ecological context of OSEIs revealed that levels of social and
environmental deprivation were both significant in the occurrence of OSEI. This subsequently
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provided the basis for the analysis of the distribution of types of OSEI in the landscape. Box-
plot analysis revealed that the data for IMD score and proportion surface sealing
followed normal patterns of distribution across types of OSEI and were entered into
one-way ANOVA for analysis.
The result of the ANOVA revealed a significant mean difference across the localities of the
five types of OSEI for percentage surface sealing (F(4) = 21.358; p < 0.001). Post-hoc testing
(LSD) for proportion surface sealing revealed that pocket parks (mean = 71 %; ±16 %) and
environmental resource projects (mean = 66 %; ±10 %) were the most homogenous types,
both scoring above the grand mean of 51 % and differing significantly from the other three
OSEI types at the p < 0.05 level. The biggest significant mean difference observed
was 33 % (p < 0.001) between community allotments and pocket park locales. The
means plot and a table summarising significant between-group mean differences are
presented in Fig. 2 and Table 2.
Significant mean differences in surface sealing were observed between pocket park loca-
tions and that of all other types with the exception of environmental resource projects. These
two types thereby comprised the most homogenous types. All significant differences are
summarised in Table 2.
Although significant differences were not found for overall IMD score (F(4) = 1.455;
p = 0.221), discrepancies were observed across two of the IMD domains: Health Deprivation
(F(4) = 2.606; p = 0.40) and Crime and Disorder (F(4) = 3.593; p = 0.009). Means
plots for the two domains are presented in Figs. 3 and 4 (scores are dimensionless)
with significant between-group mean differences revealed by post-hoc tests (LSD)
summarised in Tables 3 and 4.
Post-hoc tests (LSD) for type mean health deprivation scores revealed two significant mean
differences as summarised in Table 3.
The means plot for type crime and disorder scores demonstrated a markedly different
distribution than for health deprivation (Fig. 4).
Post-hoc tests across crime and disorder deprivation scores revealed greater disparity
between types than did health deprivation with four significant mean differences (Table 4).
Both physical (land-cover) and social (health and crime and disorder deprivation) appeared
to delineate to some degree the discrete types of OSEI. To confirm this inference data on three
land-cover density (% cover) values for domestic gardens, surface sealing and buildings, three
Index of Multiple Deprivation domain indices: Income, Health, and Crime and Disorder, as
well as data on population density were entered into a discriminant function analysis. The first
function of the discriminant analysis produced an eigenvalue of 1.14 and accounted for 73 %
of the variation between types, with a canonical correlation of 0.73. Surface sealing, domestic
garden cover and buildings density exhibited the highest correlations within the first function,
Table 1 Site categories
OSEI type Number Percentage of total
Community garden 40 35.4
Community allotment 23 20.4
Pocket park 15 13.3
Community orchard 13 11.5
Environmental resource project 22 19.5
Total 113 100.0
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presenting physical characteristics as the most significant in classifying type locations. Cross-
validation analysis revealed that 52 % of group cases were correctly classified, a 126 %
improvement on prior probability estimates, lending satisfactory credence to the model. The
model’s structure matrix is presented in Table 5.
Dynamics of social-ecological deprivation
The presentation of OSEI types in the means plots for surface sealing and IMD domain scores
(Figs. 2, 3 and 4) suggested that environmental resource projects occurred in areas with the
highest levels of combined social and environmental deprivation with mean values above
those of the OSEI sample for both surface sealing and IMD domain variables. An appreciation
of the mean degree of social-ecological deprivation extant in OSEI-type localities was enabled
Fig. 2 Means plot for ANOVA model: surface sealing (as percentage). Grand mean = 51 % ±18 %
Table 2 Significant mean differences between OSEI type locations: proportion surface sealing
OSEI Type Community Allotment Pocket Park Community Orchard Environmental Resource
Project
Community Garden 0.048* <0.001** 0.855 <0.001**
Community Allotment <0.001** 0.096 <0.001**
Pocket Park <0.001** 0.269
Community Orchard <0.001**
*Significant at p < 0.05 level; ** significant at p < 0.001
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by plotting type means for surface sealing against that for IMD score which drew out the
relative character of each. These are presented in Fig. 5 (with standard deviation error bars).
Discussion
Adaptive co-management, based on stakeholder-led ecosystem stewardship, has received
increasing attention in the literature as a decentralised approach to natural resource manage-
ment that could build resilience in urban social-ecological systems (Andersson et al. 2007;
Biggs et al. 2010; Olsson and Galaz 2012; Krasny and Tidball 2012; Rodima-Taylor et al.
2012; Krasny and Tidball 2015). However, much of the work carried out into the emergence of
social interventions in urban natural resource has taken an anthropological approach (see
Krasny and Tidball 2015). Without a quantitative demonstration of the spatial distribution of
community-managed spaces, and the diversity inherent in the management of those spaces
relative to local environmental contexts, it has hitherto remained unclear whether such
innovation builds on adaptive capacity.
The spatial analyses presented here of examples of OSEI throughout the study area revealed
that there was a significant tendency for them to occur in areas of increased socio-economic
and environmental deprivation. Additionally, the appearance of the phenomenon seemed to
coincide with poor but greatly improving socio-economic conditions, suggesting that social
capital may be instrumental in appearance of OSEI. The data, thereby, provide support to
previous work which has highlighted the positive role of social capital in environmental
Fig. 3 Type mean health deprivation scores. Grand mean = 1.37 ± 0.66
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stewardship (Selman and Parker 1997; Armitage et al. 2009; Ernstson et al. 2010). Although
this does not prove categorically a causal effect between social-ecological conditions and
innovation, the data nevertheless present the phenomenon as, due to its spatial distribution,
fulfilling criterion a: exhibiting responsivity to environmental conditions.
The exploration of OSEI throughout the study area resulted in the categorisation of five
discrete types of OSEI according to site management and design, and horticultural activities.
This exercise thereby provided evidence of response diversity (criterion b) in the occurrence of
OSEI. The results of the ANOVA models offered support to both the validity of the typology
and the uniqueness of OSEI types according to local contexts. These analyses presented
surface sealing, as a proxy for environmental deprivation, as the most salient variable in terms
of delineating types of organised social-ecological innovation. From the post-hoc analyses, this
Fig. 4 Type mean crime and disorder deprivation scores. Grand mean = 1.06 ± 0.76
Table 3 Significant mean differences between type locations: health deprivation
OSEI Type Community Allotment Pocket Park Community Orchard Environmental Resource
Project
Community Garden 0.25 0.017* 0.010* 0.407
Community Allotment 0.193 0.123 0.784
Pocket Park 0.783 0.126
Community Orchard 0.079
*= Significant at p < 0.05 level
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variable produced the greatest number of significant between-type mean differences (seven:
Table 2) followed by the deprivation domains crime and disorder (four: Table 3) and health
(two: Table 4), with overall IMD score proving not to be significant. A detailed analysis of the
factors which contributed to the characterisation of OSEI types, through the discriminant
function analysis (Table 5), added satisfactory confirmation of the relative effect of social and
environmental elements in the landscape on the emergence of divergent types of OSEI. The
model presented the land-cover variables surface sealing, buildings density and domestic
gardens density as providing the most significant contribution to type characterisation.
Again, of the socio-economic variables, crime and disorder deprivation was the most salient,
with health and income deprivation proving to be weakly predictive and population density
offering very little predictive power to the model. OSEI therefore, demonstrated evidence of
adaptation to local socio-environmental niches though the sensitivity of such adaptation varied
according to particular types of social, and environmental, deprivation. Specifically, OSEI
exhibited adaptation (criterion c), to local levels of surface sealing, crime and disorder
deprivation and, to a lesser degree, health deprivation. Given the reported benefits of stake-
holder engagement in green space management to local biodiversity (Dennis and James 2016),
ecosystem service provision (Barthel et al. 2010), health promotion (Hynes and Howe 2004;
Alaimo et al. 2008; Pudup 2008; Metcalf andWidener 2011; Kazmierczak et al. 2013) reduced
crime (Kuo et al. 1998; Kuo and Sullivan 2001), sense of place (Krasny and Tidball 2015) and
community cohesion (Okvat and Zautra 2011), the adaptive nature of OSEI presents the
phenomenon as one which should be given serious consideration as a vital ingredient to
resilient social-ecological systems associated with urban areas.
Table 4 Significant mean differences between type locations: crime and disorder
OSEI Type Community Allotment Pocket Park Community Orchard Environmental Resource
Project
Community Garden 0.421 0.010* 0.821 0.004**
Community Allotment 0.084 0.415 0.057
Pocket Park 0.025* 0.990
Community Orchard 0.016*
* = Significant at p < 0.05 level; ** significant at p < 0.01
Table 5 Discriminant function analysis: structure matrix
Function
1 2 3 4
Surface sealing 0.806* 0.355 0.302 -0.175
Gardens density -0.557* 0.239 0.409 -0.469
Population density -0.017 0.529* 0.182 -0.378
Buildings density 0.442 0.236 0.565* -0.208
Health deprivation -0.138 0.399 -0.093 0.850*
Income deprivation -0.041 0.436 -0.382 0.559*
Crime and disorder 0.319 0.019 -0.304 0.481*
*Largest absolute correlation between each variable and any discriminant function
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Notwithstanding these insights into the impact of the levels of both social and environmental
deprivation on the distribution of OSEI types in the study area, there existed also a complex
dynamic between the two. The representation of the data in Fig. 5 served to illustrate that
particular configurations of combined social and environmental deprivation more readily en-
couraged the presence of particular types of OSEI. At the extremes of social-ecological depri-
vation, environmental resource projects were more commonly found in areas of high social
deprivation whereas locations subject to extreme ecological deprivation (i.e. surface sealing)
were more likely to engender pocket parks as a form of OSEI (Fig. 5). Of these two, the locations
which exhibited the greatest degree of equal levels of social and ecological deprivation were
those in which environmental resource projects were found occurring. Being that such OSEIs
were primarily examples of supporting as opposed to provisioning forms of OSEI, it is inferred
that beyond a certain level of combined social and ecological deprivation, provisioning OSEI
may be less likely to occur and a supporting version of the phenomenon more commonly found.
The most noticeable contrast between type localities was exhibited by those of pocket parks and
community gardens. The latter occurred largely in areas with relatively abundant green space but
with high levels of health deprivation whereas the former type was mapped primarily in areas
exhibiting the opposite configuration (Figs. 3 and 4). Furthermore, within the social deprivation
domains these two types exhibited inverse patterns of health, and crime deprivation. As exemplified
in the observed dynamic between the social and ecological contexts of community gardens and
pocket parks, it would seem that provisioning forms ofOSEI can occur in areas subject to the highest
Fig. 5 OSEI type and degree of combined social-ecological deprivation
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levels of social or ecological deprivation providing that such deprivation is buffered to a certain
degree by more favourable conditions in the other parameter. Depending on the balance between
social and ecological deprivation in such contexts, OSEI may take different, adaptive forms.
Diffusion and thresholds in organised Social-Ecological innovation
The role of informal social-ecological actors in the urban fabric, particularly their potential
importance in terms of urban resilience, is a consideration which, although alluded to in the
literature (Dietz 2003; Cash et al. 2006; Bodin and Crona 2009; Barthel et al. 2010; Colding et
al. 2013), has not as yet been delineated in terms of the spatial dimension of its nascence and
the social-ecological thresholds which shape its expression in the landscape. The appearance of
OSEI in the study area was conditioned by social-ecological factors, the influence of which
involved the presence of particular thresholds. The occurrence of OSEI seemed to accompany
a minimum of combined social-ecological deprivation, as a lower threshold, after which
different configurations of social and ecological conditions resulting in discrete types of
OSEI until an upper threshold of deprivation was reached (Fig. 5). This relationship was not
linear. The data in Fig. 5 demonstrate that, at the lower threshold, a certain degree of
deprivation increased the likelihood of OSEI occurring. However, the same data revealed that,
when relatively high levels of ecological deprivation in a given area were buffered by more
favourable social conditions, and vice-versa, then OSEI appeared less likely to occur.
Therefore, relatively lower levels of social and ecological deprivation, when found co-occur-
ring, were more likely to provide a context for OSEI. This effect was mirrored at the upper
threshold of social-ecological deprivation, where, once a certain combined level was reached,
the occurrence of OSEI appeared to be significantly hindered. Again, as seen at the lower
limits of deprivation, the buffering of high levels in one factor by relatively lower levels in the
other affected the limits of this threshold. Here, relatively lower but equal degrees of combined
social and ecological deprivation had a more deleterious effect on the emergence of OSEI than
did a situation where higher levels of deprivation in either social or ecological conditions were
mitigated by low levels in the other component factor. This tendency is summarised in Fig. 6,
which is an annotated version of the scatter plot of mean social-ecological deprivation of type
locations presented in Fig. 5. Lower and upper thresholds are denoted in Fig. 6 as well as a
third threshold of combined social and ecological deprivation above which, supporting
versions of OSEI appeared more common.
The upper and lower Bthresholds^ presented in Fig. 6 represent social-ecological boundaries
which, if OSEI is to be incorporated into the management of resilience in social-ecological
systems, may represent important tipping points affecting socially mediated adaptive capacity
in social-ecological systems (Folke 2006; Kinzig et al. 2006; Walker et al. 2006; Walker et al.
2009). By learning from the presence of such tipping points, environmental managers and
decision makers should be able to monitor and increase resilience at the local and landscape
scale. This could be achieved by providing, in collaboration with local actors groups,
appropriate social and environmental resources to buffer against the transgression of important
social-ecological boundaries after which innovation and community-led stewardship of local
natural resources may become jeopardised. The means by which this may be achieved would,
however, require careful consideration to ensure that the diversity and innovation inherent in
OSEI are allowed to continue. Further research would be necessary to unpick the potential
trade-offs implied in the intervention of top-down organisations towards stimulating innova-
tion in the landscape.
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Conclusions
Organised social-ecological innovation exhibited an extensive presence in the urban landscape. That
its occurrence was associated with social and ecological forms of deprivation, and that such
innovation found niches according to local social-ecological conditions presents OSEI as a
legitimate form of adaptive capacity in urban areas. Ecological factors were the most salient in
shaping the physical form of OSEI, but the interaction between social and ecological factors were
pivotal in determining the environmental thresholdswithinwhichOSEI occurred, and inwhat form.
The study provided compelling evidence of OSEI as an adaptive form of local environmental
stewardship by stakeholders which ought to be given serious consideration as an ingredient in urban
environmental resilience. The work also outlined the presence of tipping points created by local
social-ecological conditions which, if effectively managed, could encourage community generated
adaptive capacity in urban areas. Future research into social-ecological networks associated with
community-led natural resource management may provide greater detail as to the importance of
social ties, actors and knowledge groups for the diffusion of social-ecological innovation.
Fig. 6 Thresholds in the occurrence of OSEI
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